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Remarks/Arguments begin on page 25 of this paper. 
AiTiendmettts to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

1 . (original) An array of non-volatile memory cells comprising: 

a semiconductor substrate; 

a plurality of non-volatile memory cells formed in said substrate, arranged in a 
plurality of rows and columns; 

each memory cell comprising; 

a first terminal and a second terminal wifli a chaimel therebetween in said 
substrate, said channel having a first portion and a second portion; 

a transistor gate insulated fiom said substrate and positioned to control the 
conduction of current in said first portion of said channel; 

a floating gate insulated fiom said substrate and positioned to control the 
conduction of current in said second portion of said channel; 

a control gate capacitively coupled to the floating gate; 
a plurality of buried bit lines in said substrate arranged substantially parallel to one 
another; 

each buried bit line electrically connected to the first terminal of memory cells arranged 
in the same colunm; wherein adjacent memory cells in the same row share a coimnon buried bit 
line; 

a plurality of buried source lines in said substrate arranged substantially parallel to one 
another; each buried source line electrically coimected to the second terminal of memory ceUs 
arranged in the same column; wherein adjacent memory cells in the same row share a common 
buried source line; 

a plurality of gate lines arranged substantially parallel to one another, each gate liue 
electrically connected to the transistor gate of memory cells arranged iu the same colnmn; and 

a plurality of word lines arranged substantively parallel to one another, each word line 
electrically cormected to the control gate of memory cells arranged in the same row. 
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2. (original) The array of claim 1 wherein said first portion of said channel is adjacent to 
said first terminal, and said second portion of said channel is adjacent to and between said first 
portion of said channel and said second terminal and wherein said buried bit line is between 
adjacent transistor gates of cells adjacent to one another in the same row; and wherein said 
buried source line is between adjacent floating gates of cells adjacent to one another in the same 
row. 

3. (original) The array ofclaim 2 fiirfher comprising; 

a plurality of trenches in said substrate substantially parallel to one another; each 
trench having a first sidewall, a second sidewall and a bottom wall; 

each buried source line being along said bottom wall of a trench; 

wherein floating gates of first memory cells in the same colunm are positioned in 
the same trench insulated fi'om said first sidewall, and floating gates of second memory cells in 
the same column, adjacent to said first memory cells are positioned in said same trench insulated 
fi:om said second sidewall. 

4. (original) The array of claim 3 wherein adjacent memory cells in the same row share a 
common control gate and wherein said conmion control gate is positioned in said trench 
insulated fi'om said floating gates. 

5. (original) The array of claim 4 wherein said plurality of trenches are spaced apart firom 
one another, with a substantially planar surface on said substrate between each pair of adjacent 
trenches; wherein transistor gates of memory cells, are insulated and spaced apart firom the 
planar surface, and each transistor gate is adjacent to a trench, 

6. (original) The array of claim 5 wherein each of said buried bit hnes is in said substrate 
along said planar surface and between a pair of transistor gates. 

7. (original) The array of claim 2 fiuther comprising; 

a plurality of trenches in said substrate substantially parallel to one another; each 
trench having a first sidewall, a second sidewall and a bottom wall; 

each buried bit line being along said bottom wall of a trench; 
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wherein transistor gates of first memory cells in the same colunm are positioned 
in the same trench insulated firom said first sidewall, and transistor gates of second memory cells 
in the same column, adjacent to said first memory cells are positioned in said same trench 
insulated fix)m said second sidewall, 

8. (original) The array of claim 7 wherein adjacent memory cells in the same row share a 
common transistor gate and wherein said common transistor gate is positioned in said trench 
insulated fixim said first and second side walls. 

9. (original) The array of claim 8 wherdn said plurality of trenches are spaced apart from 
one another, with a substantially planar surface on said substrate between each pair of adjacent 
trenches; wherein floating gates of memory cells, are insulated and spaced apart from the planar 
surface, and each floating gate is adjacent to a trench. 

10. (original) The array of claim 9 wherein each of said buried source lines is in said 
substrate along said planar surface and between a pair of floating g^es. 

11. (withdrawn) A method of erasing a selected non-volatile memory cell in an array having 
a plurality of non- volatile memory cells formed in a semiconductor substrate, arranged in a 
plurality of rows and columns; a plurality of trenches in said substrate substantially parallel to 
one another; each trench having a sidewalL, and a bottom wall; wherein each memory cell 
comprising a first terminal and a second terminal with a channel therebetween in said substrate, 
said channel having a first portion and a second portion; a transistor gate insulated firom said 
substrate and positioned to control the conduction of current in said first portion of said channel; 
a floating gate in a trench insulated from said substrate and positioned to control the conduction 
of current in said second portion of said channel, along said sidewall of said trench; a control 

' gate in the same trench capacitively coupled to the floating gate; a plurality of buried bit lines in 
said substrate arranged substantially parallel to one another; each bxiried bit line electrically 
connected to the first terminal of memory cells arranged in the same column; wherein adjacent 
memory cells in the same row share a common buried bit line; a plurality of buried source lines 
in said substrate arranged substantially parallel to one another; each buried source line 
electrically connected to the second temiinal of memory cells arranged in the same column, each 
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second tenninal being in the substrate in the bottom wall of a trench; wherein adjacent memory 
cells in the same row share a common baried source line; a plurality of gate lines arranged 
substantially parallel to one another, each gate line electrically connected to the transistor gate of 
memory cells arranged in the same coliwnn; and a plurality of word lines arranged substantively 
parallel to one anotlier, each word line electrically connected to the control gate of memory cells 
airanged in the same row, said method comprising; 

applying a first positive voltage to a word line connected to a control gate of said 

selected memory cell; 

applying a second voltage to a gate line connected to a transistor gate of said 

selected memory cell; 

applying a third voltage to a buried bit line connected to a first texroinal of said 

selected memory cell; 

applying a fourth voltage to a buried source line connected to a second tenninal of 

said selected memory cell; 

wherein said first positive voltage is more positive than said second voltagie, third 

voltage or fourth voltage; 

whereby electrons fit>m said floating gate of said selected memory cell tumiel to 
said control gate of said selected memory cell thereby casing the floating gate. 

12. (withdrawn) The method of claim 1 1 wherein said second voltage, third voltage and 
fourth voltage are all ground. 

13. (withdrawn) The method of claim 12 further comprising 

applying a ground voltage to the word lines which are not connected to the control 
gates of the selected memory cell. 

14. (withdrawn) A metibod of erasing a selected non- volatile memory cell in an array having 
a plurality of non-volatile memory cells fonmed in a semiconductor substrate, arranged in a 
plurality of rows and columns; a plurality of trenches in said substrate substantially parallel to 
one another; each trench having a sidewall, and a bottom wall; wherein each memory cell 
comprising a first tenninal and a second terminal with a channel therebetween in said substrate, 
said channel having a first portion and a second portion; a transistor gate insulated from said 
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substrate and positioned to control the conduction of current in said first portion of said channel; 
a floating gate in a trench insulated from said substrate and positioned to control the conduction 
of current in said second portion of said channel, along said sidewall of said trench; a control 
gate in the same trench capacitively coupled to the floating gate; a plurality of buried bit lines in 
said substrate arranged substantially parallel to one another; each buried bit line electrically 
connected to the first terminal of memory cells arranged in the same column; wherein adjacent 
memory cells in the same row share a common buried bit line; a plurality of buried source lines 
in said substrate anranged substantially parallel to one another; each buried source line 
electrically connected to the second terminal of memory cells arranged in the same column, each 
second taininal being in the substrate in the bottom wall of a trench; wherein adjacent memory 
cells in the same row share a common buried source line; a plurality of gate lines arranged 
substantially parallel to one anotiier, each gate line electrically connected to the transistor gate of 
memory cells arranged in the same column; and a plurality of word lines arranged substantively 
parallel to one anotlier, each word line electrically connected to the control gate of memory cells 
arranged in the same row, said method comprising; 

applying a negative voltage to a word line connected to a control gate of a 
selected memory cell; 

applying a positive voltage to a gate line connected to the transistor gate of a 

selected memory cell; 

applying a first voltage to a buried bit line connected to a first terminal of a 
selected memory cell; 

applying a second voltage to a buried source line coimected to a second terminal 

of a selected memory cell; 

whereby electrons from said floating gate tunnel to said transistor gate therd)y 

erasing the floating gate. 

1 5. (withdrawn) The method of claim 14 wherein said first and second voltages are groxmd. 

16. (withdrawn) The method of claim 14 farther comprising reading said selected memory 
cell, and applying a non-positive voltage to said gate line coimected to the transistor gate of the 
selected memory ceU» in the event the selected memory cell is erased. 
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17. (withdrawn) The method of claim 16 wherein said selected memory cell is iteratively 
erased, and read, with the voltage apphed to the gate hue coimected to the transistor gate of the 
selected memory cell used to control the cessation of the erase cycle. 

18. (withdrawn) A method of erasing a selected non-volatile memory cell in an array having 
a plurality of non-volatile memory cells fomied in a semiconductor substrate, arranged in a 
plurality of rows and columns; a plurality of trenches in said substrate substantially parallel to 
one another; each trench having a sidewall, and a bottom wall; wherein each memory cell 
comprising a first terminal and a second terminal with a diannd therebetween in said substrate, 
said channel having a first portion and a second portion; a transistor gate insulated from said 
substrate araid positioned to control the conduction of current in said first portion of said chaimel; 
a floating gate in a trench insulated from said substrate and positioned to control the conduction 
of current in said second portion of said channel, along said sidewall of said trench; a control 
gate in the same trench capacitively coupled to the floating gate; a plurahty of buried bit lines in 
said substrate arranged substantially parallel to one another, each buried bit line electrically 
connected to the first terminal of memory cells arranged in the same column; wherein adjacent 
memory cells in the same row share a common buried bit line; a plurahty of buried source lines 
in said substrate arranged substantially parallel to one anoth^ each buried source line 
electrically connected to the second terminal of memory cells arranged in the same column, each 
second terminal being in the substrate in the bottom wall of a trench; wherein adjacent memory 
cells in the same row share a common buried source line; a plurality of gate lines arranged 
substantially parallel to one another^ each gate line electrically connected to the transistor gate of 
memory cells arranged in the same column; and a plurality of word lines arranged substantively 
parallel to one another, each word line electrically connected to the control gate of memory cells 
arranged in the same row, said method comprising; 

^plying a negative voltage to a word line connected to a control gate of a 
selected memory cell; 

applying a first voltage to a gate line connected to the transistor gate of a selected 

memory cell; 

applying a positive voltage to a buried source line connected to a second terminal 
of a selected memory cell; 
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whereby electrons from said floating gate tuimel to said source line thereby 
erasing the floating gate. 

1 9. (withdrawn) The method of claim 1 8 wherein said first voltage is ground. 

20. (withdrawn) The method of claim 19 further comprising applying a ground voltage to the 
word lines not coimected to the control gate of the selected memory celL 

21 . (withdrawn) The method of claim 1 8 wherein said method erases a pair of adjacently 
positioned memory cells each having a floating gate in a common trench with a source line in 
common. 

22. (withdrawn) A method of making an isolation-less array of non-volatile memory cells in 
a smiiconductor substrate of a first conductively type comprising; 

forming a plurality of spaced apart trenches io said substrate in a first direction, 
each trench having a first sidewall, a second sidewall and a bottom wall; 

forming a first terminal of a second conductivity type along the bottom wall of 
each trench in the substrate; 

forming a pair of floating gates along the first and second sidewalls in each 
trench, each floating gate spaced apart from the first and second sidewalls, respectively; 

forming a control gate in each trench; each control gate insulated from and 
capacitively coupled to the floating gates in the tr^ch and insulated from the first terminal along 
the bottom wall of the trench; 

patterning said substrate along a second direction substantially perpendicular to 
said first direction and forming a plurality of spaced apart insulation regions in each trench and 
forming a plurality of floating gates in said first direction insulated &om one aj^other; 

forming a pluraUty of spaced apart, substantially parallel, transistor gates, each 
transistor gate extending in said first direction and spaced apart and insulated from the substrate, 
and positioned adjacent to a trench in a region between each pair of troches; 

forming a second terminal of the second conductively type extending in said first 
direction in the substrate, between each pair of transistor gates in a region between each pair of 
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trenches; and 

foimiiag an electrical contact to each control gate in the same second direction- 

23. (withdrawn) A method of making an isolation-less array of non-volatile memory cells in 
a semiconductor substrate of a first conductively type, comprising; 

forming a plurality of spaced apart substantially parallel masked regions on said 
substrate in a first direction, wherein an unmasked region is formed on said substrate between 
each pair of adjacent masked regions; 

forming a pair of spaced apart transistor gates substantially parallel to one another 
extending in said first direction in each unmasked re^on, with each transistor gate adjacent to a 
masked region, spaced apart and insulated from the substrate; 

forming a first terminal of a second conductively type in said substrate, extending 
in said first direction, between each pair of transistor gates in each unmasked region; 

removing said masked re gions; 

forming a trench region in said substrate extending in said first direction^ between 
each pair of adjacent unmasked regions; each trench having a first sidewal), a second sidewall, 
and a bottom wall; 

forming a second terminal of a second conductively type in the substrate 
extending in said first direction^ along the bottom waU of each trench; 

fonning a pair of floating gates along the first and second sidewalls, respectively, 
in each trench, eajch floating gate spaced apart firom its respective sidewall; 

forming a control gate in each trench; each control gate insulated fix)m and 
capacitively coupled to the floating gates in the trench and insulated from the second terminal 
along the bottom wall of each trench; 

patterning each trench along a second direction substantially perpendicular to said 
first direction and forming a plurality of spaced apart insulation regions in each trench; and 

forming an electrical contact to each coiitrol gate that are positioned in the same 
second direction, 

24. (original) An array of non-volatile memory cells comprising: 

a semiconductor substrate; 
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a plxirality of non-volatile memory cells fonned in said substrate, arranged in a 
plurality of rows and columns; 

each memory cell comprising; 

a first tenniTial and a second terminal with a channel therebetween in said 

substrate; 

a trench extending in a column direction in said substrate, said trench having a 
sidewall and a bottom wall; 

a floating gate in said trench and insulated from said sidewall positioned to 
control the conduction of current in said channel; 

a control gate in said trench capacitively coupled to the floating gate; 

said first terminal in said substrate along the bottom wall of said trench; 

said second teiminal in said substrate and adjacent to said trench; 
a plurality of buried bit lines in said substrate arranged substantially parallel to one 
anoflier; 

each buried bit line electrically ooimected to the second terminal of memory cells 
arranged in the same colunm; wherein adjacent memoTy cells in the same row share a common 
buried bit line; 

a plurality of buried source lines in said substrate arranged substantially parallel to one 
another; each buried source line electrically connected to the first terminal of memory cells 
arranged in the same column; wherein adjacent memory cells in the same row share a common 
buried source line; 

a plurahty of word lines arranged substantively parallel to one another, each word line 
electrically connected to the control gate of memory cells arranged in the same row, 

25. (original) The array of claim 24 wherein said buried bit line is between adjacent trenches 
of cells adjacent to one another in the same row; and wherein said buried source line is b^ween 
adjacent floating gates of cells adjacent to one another in the same row. 

26, (original) The array of claim 25 further comprising; 

each trench having a first sidewall, a second sidewall and a bottom wall; 

wherein floating gates of first memory ceils in the same column are positioned in the 
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same trench insulated from said first sidewall, and floating gates of second memory cells in the 
same column, adjacent to said first memory cells are positioned in said same trench insulated 
firom said second sidewall. 

27. (original) The array of claim 26 wherein adjacent memory cells in flie same row share a 
common control gate and wherein said common control gate is positioned in said trench 
insulated from said floating gates. 

28. (original) An array of bi-diiectional non-volatile memory cells comprising: 

a semiconductor substrate; 

a plurality of non- volatile memory cells formed in said substrate, arranged in a 
plurality of rows and columns; 

each memory cell comprising; 

a first terminal and a second terminal with a channel therebetween in said 
substrate, said channel having a first portion, a second portion^ and a third portion; 

a transistor gate insulated from said substrate and positioned to control the 
conduction of current in said second portion of said channel; 

a first floating gate insxilated from said substrate and positioned to control the 
conduction of current in said first portion of said channel; 

a second floating gate insulated fi-om said substrate and positioned to control the 
conduction of current in said third portion of said channel; 

said second portion between said first portion and said third portion; 

a first control gate capacitively coupled to the first floating gate; 

a second control gate capacitively coupled to the second floating gate; 
a plurality of buried bit lines in said substrate arranged substantially parallel to one 
another and arranged to connect memory cells in the same colinrm; 

each of a first pliirality of buried bit lines is electrically connected to the first terminal of 
memory cells arranged in the same column; wherein adjacent memory cells in the same row 
share a common first terminal; 

each of a second plurality of buried bit line is electrically connected to the second 
terminal of memory cells arranged in the same column, wherein adjacent memory cells in the 
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same row share a common second terminal; 

a plurality of gate lines arranged substantially parallel to one another, each gate line 
electrically connected to the transistor gate of memory cells arranged in the same column; and 

a plurality of word lines arranged substantially parallel to one another, each word line 
electrically connected to the first and second control gates of each memory cell arranged in the 
same row. 

29. (original) The array of claim 28 flirther comprisins 

a plurahty of spaced ^art tirenches in said substrate substantially parallel to one 

another, each trench having a first sidewali, a second sidewall and a bottom wall, with a planar 

I 

portion of said substrate between each adjacent trench; 

each of said first and second buried bit lines being along said bottom wall of a 

trench; 

wherein first floating gates of first memory cells in the same colxunn are 
positioned in the same trench insulated frdm said first sidewall, and first floating gates of second 
memory ceUs in the same column, adjaceiit to said first memory cells are positioned in said same 
trench insulated firom said second sidewall. 



30 (original) The array of claim 29 wherein adjacent memory cells in the same row to one 
side share a common first control gate and wherein said coxranon first control gate is positioned 
in said trench insulated fi^m said floating g^tes. 

31. (original) The array of claim 30 wh^ein adjacent memory cells in the same row to 
another side share a common second control gate and wherein said common second control gate 
is positioned in said trench insulated from said floating gates. 

32. (original) The array of claim 29 wherein said plurality of trenches are spaced apart from 
one another, with a substantially planar surface on said substrate between each pair of adjacent 
trenches; wherein the transistor gate of memory cells, are insulated and spaced apart firom tie 
planar surface. 
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33. (original) The array of claim 28 firrther comprising; 

a plurality of spaced apart trenches in said substrat e substantially parallel to one 
another; each trench having a first sidewall, a second sidewall and a bottom wall, with a planar 
portion of said substrate between each adjacent trench; 

each first and second buried bit line being along said planar portion of said 
substrate between each adjacent trench; 

wherein first floating gates of first memory cells in the same column are spaced 
apart fi^m said planar portion of said substrate between a first buried bit line and a trench to one 
side, and first floating gates of second memory cells in the same column, adjacent to said first 
memory cells are spaced apart from said planar portion of said substrate between a second buried 
bit line and a trench to another side. 

34. (original) The array of claim 33 wherein the transistor gate of a memory cell is in a trench 
spaced apart from the first and second side walls. 

35. (ori^al) The array of claim 34 wherein adjacent memory cells in the same row to one 
side share a corrmion first control gate and wherein said common first control gate is capacitively 
coupled to said first floating gates of said first and second memory cells. 

36. (original) The array ofclaim 35 wh^ein adjacent memory cells in the same row to 
another side share a common second control gate and wherein said common second control gate 
is capacitively coupled to said second floating gates of said first and second memory cells. 

37. (withdrawn) A method of erasing a selected non-volatile memory cell in an array of bi- 
directional non-volatile memory cells formed in a semiconductor substrate having a plurality of 
non-volatile memory cells foraied ia said substrate, arranged in a plurality of rows and columns; 
a plurality of spaced apart trenches in said substrate substantially parallel to one another; each 
trench having a first sidewall, a second sidewall and a bottom wall^ with a planar portion of said 
substrate between each adjacent trench; with each memory cell comprising a first terminal and a 
second terminal with a channel therebetween in said substrate, said channel having a first 
poition, a second portion, and a third portion; said first portion being along a first sidewall of a 
first trench, said third portion being along a second sidewall of a second trench, and said second 
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portion being along said planar portion between said first and second trenches; a transistor gate 
insulated from said planar portion of said substrate and positioned to control the conduction of 
current in said second portion of said channel^ a jSrst jnioatiag gate insulated from said substrate 
and positioned to control the conduction of current in said first portion of said channel; a second 
floating gate insulated from said substrate and positioned to control the conduction of current in 
said third portion of said channel; a first control gate capacitively coupled to the first floating 
gate; a second control gate capacitively coupled to the second floating gate; a plurality of buried 
bit lines in said substrate arranged substantially parallel to one another and. arranged to connect 
memory cells in the same colunm; each first buried bit line electrically connected to the first 
terminal of memory cells arranged in the same column; wherein adjacent memory cells in the 
same row share a common first terminal; said first terminal being along the bottom wall of said 
first trench; each second buried bit line electrically connected to the second tenninal of memory 
cells aiianged in the same column, wherein adjacent memory cells in the same row share a 
common second temiinal; said second terminal being along the bottom wall of said second 
trench; aplurahty of gate lines arranged substantially parallel to one anotiier, each gate line 
electrically coimected to the transistor gate of memory cells arranged in the same column; and a 
plurality of word lines arranged substantively parallel to one another, each word line electrically 
connected to the first and second control gates of each memory cell arranged in the same row; 
wherein first floating gates of first memory cells in the same column are positioned in the same 
trench insulated Scorn said first sidewall, and first floating gates of second rnemory cells in the 
same column, adjacent to said first memory cells are positioned in said same trench insulated 
from said second sidewall; said method comprising; 

applying a first positive voltage to a word line coimected to the first and second 
control gates of the selected memory cell; 

applying a second voltage to a gate line connected to the transistor gate of the 
selected memory cell; 

applying a third voltage to a first buried bit line connected to a first tenninal of the 
selected memory cell; 

^plying a fourth voltage to a second buried bit line connected to a second 
tenninal of the selected memory cell; 
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wterein said fiist positive voltage is more positive than said second voltage, thiid 

voltage or fourth voltage; 

whereby electrons from said first and second floating gates of said selected 
memoiy cell tunnel to said first and second control gates, respectively of said selected memory 
cell thereby erasing the floatiDig gate. 

38. (withdrawn) The method of claim 37 wherein said second voltage, third voltage and 
fourth voltage are aU ground. 

39. (withdrawn) The method of claim 38 finther comprising 

applying a gromid voltage to the word lines which are not connected to the first 
and second control gates of the selected memory cell. 

40. (wididrawn) A method of a^ing a selected non-volatile memory cell in an array of bi- 
directional non-volatile memory cells fonned in a semiconductor substrate having a plurality of 
non-volatUe memory cells formed in said substrate, arranged in a pluraUty of rows and columns; 
aplurality of spaced apart trenches in said substrate substantially parallel to one another, each 
trench having a first sidewall, a second sidewaU and a bottom wall, witb a planar portion of said 
substrate between each adjacent trench; with each memory cell comprising a first terminal and a 
second teiminal with a channel therebetwea» in said substrate, said channel having a first 
portion, a second portion, and a Aird portion; said first portion being along a first sidewall of a 
first trench, said third portion being along a second sidewall of a second trench, and said second 
portion being along said planar portion between said first and second trenches; a transistor gate 
insulated from said planar portion of said substrate and positioned to control the conduction of 
current in said second portion of said channel; a first floating gate insulated from said substrate 
and positioned to control the conduction of current in said first portion of said channel; a second 
floating gate insulated from said substrate and positioned to control the conduction of current in 
said third portion of said channel; a first control gate capacitively coupled to the first floating 
gate; a second control gate c^acitively coupled to the second floating gate; a plurality of buried 
bit Unes in said substrate arranged substantially parallel to one another and arranged to comiect 
memory cells in the same column; each first buried bit line electricaUy connected to the first 
tenninal of memory cells arranged in the same column; wherein adjacent memory cells in fixe 
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same row share a common first terminal; said first tenmnal being along the bottom wall of said 
first trench; each second buried bit line electrically connected to the second terminal of memory 
cells aixanged in the same column, wherein adjacent memory cells in the same row share a 
common second teraiinal; said second terminal being along the bottom wall of said second 
trench; a plurality of gate lines arranged substantially parallel to one another, each gate line 
electrically connected to the transistor gate of memory cells arranged in the same column; and a 
plurality of word hnes arranged substantively parallel to one another, each word line electrically 
connected to the first and second control gates of each memory cell airanged in the same row; 
wherein first floating gates of first memory cells in the same column are positioned in the same 
trench insulated ficom said first sidewall, and first floating gates of second memory cells in the 
same column, adjacent to said first memory cells are positioned in said same trench insulated 
from said second sidewall; said method comprising; 

flying a negative voltage to a word line connected to the first and second 
control gates of a selected memory cell; . 

applying a positive voltage to a gate line connected to the transistor gate of the 
selected memory cell; 

applying a first voltage to a first buried bit line connected to a first terminal of the 
selected memory cell; 

applying a second voltage to a second buried bit line connected to a second 
terminal of the selected memory cell; 

whereby electrons firom said first and second floating gates tunnel to said 
transistor gate thereby erasing the floating gate. 

41 . (withdrawn) The method of claim 40 wherein said first and second voltages are ground- 

42. (withdrawn) The method of claim 40 further comprising reading said selected memory 
cell, and applying a non-positive voltage to said gate line connected to the transistor gate of the 
selected memory cell, in the event the selected memory cell is erased. 

43 . (withdrawn) The method of claim 42 wherein said selected memory cell is iterati vely 
erased, and read, with the voltage applied to the gate line connected to the transistor gate of the 
selected memory cell used to control the cessation of the erase cycle, 
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44. (withdrawn) A method of erasiaig a selected non- volatile memory cell in an array of bi- 
directional non-volatile memory cells formed in a semiconductor substrate having a plurality of 
non-volatile memory cells formed in said substrate, arranged in a plurality of rows and colujuns; 
a plurality of spaced apart trenches in said substrate substantially parallel to one another; each 
trench having a first sidewall, a second sidewall and a bottom wall, with a planar portion of said 
substrate between each adjacent trench; with each memory cell comprising a first terminal and a 
second terminal with a channel therebetween in said substrate, saLd channel having a first 
portioiL, a second portion, and a third portion; said first portion being along a first sidewall of a 
first trench, said third portion being along a second sidewall of a second trench, aad said second 
portion being along said planar portion between said first and second trenches; a transistor gate 
insulated from said planar pottion of said substrate and positioned to control the conduction of 
current in said second portion of said channel; a first floating gate insulated fix)m said substrate 
and positioned to control the conduction of current in said first portion of said channel; a secoid 
floating gate insulated firom said substrate and positioned to control the conduction of currotit in 
said third portion of said channel; a first control gale cstpacitiyely coupled to the first floating 
gate; a second control gate ci^adtively coupled to the second floating gate; a plurality of buried 
bit lines in said substrate arranged substantially parallel to one another and arranged to connect 
memory cells in the same column; each first buried bit line electrically connected to the first 
terminal of memory cells arranged in the same column; wherein adjacent m^ory cells in the 
same row share a common first terminal; said first terminal being along the bottom wall of said • 
first trench; each second buried bit line electrically connected to the second terminal of memory 
cells arranged in the same column, wherein adjacent memory cells in the same row share a 
common second tenninal; said second terminal being along the bottom wall of said second 
trench; a plurality of gate lines arranged substantially parallel to one another, each gate line 
electrically connected to the transistor gate of memory cells arranged in the same colunm; and a 
plurality of word lines arranged substantively parallel to one another, each word line electrically 
connected to the first and second control gates of each memory cell arranged in the same row; 
wherein first floating gates of first memory cells in the same column are positioned in the same 
trench iDsulated firom said first sidewall, and first floating gates of second memory cells in the 
same column, adjacent to said first memory cells are positioned in said same trench insulated 
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from said second sidewall; said method comprising; 

applying a negative voltage to a word line connected to flie first and second 
control gates of a selected memory cell; 

55)plying a first voltage to a gate line connected to the transistor gate of the 
selected memory cell; 

applying a positive voltage to a second buried bit line connected to a second 
terminal of the selected memory cell; 

whereby electrons fi-om said second floating gate tunnel to said second buried bit 
line thereby erasing the second floating gate. 

45. (withdrawn) The method of claim 44 wherein said first voltage is ground. 

46. (withdrawn) The method of claim 45 further comprising applying a ground voltage to the 
word lines not connected to the control gates of the selected memory cell. 

47. (withdrawn) The method of claim 44 fiirther comprising; 

ajpplying a positive voltage to a first buried bit line connected to a first terminal of 
f the selected memory cell; 

whereby electrons from said first floating gate tunnel to said first buried bit line 
thereby erasing the first floating gate. 

48. (withdrawn) A method of reading a selected non-volatile memory cell in an array of bi- 
directional non-volatile raemoiy cells formed in a semiconductor substrate; having a plurality of 
noD-volatile memory cells formed in said substrate, arranged in a plurality of rows and columns; 
with each memory cell comprising; a first terminal and a second terminal with a channel 
therebetween in said substrate, said channel having a first portion, a second portion, and a third 
portion; a transistor gate insulated fi-om said substrate and positioned to control the conduction of 
cuirent in said second portion of said channel; a first floating gate insulated from said substrate 
and positioned to control the conduction of current in said first portion of said chanael; a second 
floating gate insulated from said substrate and positioned to control the conduction of current in 
said third portion of said channel; said second portion between said first portion and said third 
portion; a first control gate capacitively coupled to the first floating gate; a second control gate 
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capacitively coupled to the second floating gate; a plurality of buried bit lines in said substrate 
arranged substantially parallel to one another and aixanged to connect memory cells in the same 
column; each first buried bit line electrically comiected to the first termuial of memory cells 
arranged in the same column; wherein adjacent memory cells in the same row share a common 
first te rmin al; each second buried bit line electrically connected to the second terminal of 
memory cells arranged in the same column, wherein adjacent memory cells in the same row 
share a common second terminal; a plurality of gate lines arranged substantially parallel to one 
another, each gate line electrically connected to the transistor gate of memory cells arranged in 
the same column; and a plurality of word lines arranged substantively parallel to one another, 
each word line electrically coimected to the first and second control gates of each memory cell 
arranged in the same row; said method comprising; 

applying a first positive voltage to a second buried bit line coimecting the second terminal 
of the selected memory cel^ 

applying a second positive voltage to a word line connecting to the first and second 
control gates of the selected memory cell sufficient t o turn on said first and third portions of said 
the channel of the selected memory cell irrespective of the charges stored on the first and second 
floating gates; and 

applying a third positive voltage to the transistor gate of the selected memory cell; 

whereby the current through the first portion of the channel is a fimcUon of the charges 
stored on the first floating gate of the selected memory cell and a voltage equal to said third 
positive voltage minus the voltage drop across the threshold of the second portion of the channel 
of the selected memory cell. 

49. (withdrawn) The method of claim 48 wherein a fourth voltage, insxifficient to turn on the 
second portion of the channel is supplied to memory cells in unselected columns of said array. 

50. (withdrawn) The method of claim 49 wherein a fifth voltage insufficient to turn on the 
first and second portions of the channel is 5i5>plied to memory cells in unselected rows of said 
array. 

5 1 . (withdrawn) A method of programming a selected non-volatile memory cell in an array 
of bi-directional non-volatile memory cells formed in a semiconductor substrate having a 
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plurality of non-volatile memory cells formed in said substrate, arranged in aplurality of rows 
and columns; a plurality of spaced apart trenches in said substrate substantially parallel to one 
another; each trench having a first sidewall, a second sidewall and a bottom wall, with a planar 
portion of said substrate between each adjacent trench; with each memory cell comprising a first 
terminal and a second terminal with a channel therebetween in said substrate, said channel 
having a first portion, a second portion, and a third portion; said first portion being along a first 
sidewall of a first trench, said third portion being along a second sidewall of a second trench, and 
said second portion being along said planar portion between said first and second trenches; a 
transistor gale insulated firam said planar portion of said substrate and positioned to control the 
conduction of current in said second portion of said channel; a first floating gate insulated from 
said substrate and positioned to control the conduction of current in said first portion of said 
chamiel; a second floating gate insulated fix>m said substrate and positioned to control the 
conduction of current in said third portion of said channel; a first control gate capacitively 
coiq)led to the first floating gate; a second control gate capacitively coupled to the second 
floating gate; a plurality of buried bit lines in said substrate arranged substantially parallel to one 
another and arranged to connect memory cells in the same column; each first buried bit line 
electrically connected to the first terminal of memory cells arranged in the same column; wherein 
adjacent memory cells in the same row share a common first terminal; said first terminal b^g 
along the bottom wall of said first trench; each second buried bit line electrically connected to 
the second terminal of memory cells arranged in the same colunm, wherein adjacent memory 
cells in the same row share a common second terminal; said second temiinal being along the 
bottom wall of said second trench; a plurality of gate lines arranged substantially parallel to one 
another, each gate line electrically connected to the transistor gate of memory cells arranged in 
the same column; and a plurality of word lines arranged substantively parallel to one another, 
each word line electrically connected to the first aod second control gates of each memory cell 
arranged in the same row; wherein first floating gates of first memory cells in the same column 
are positioned in the same trench insulated fix)m said first sidewall, and first floating gates of 
second memory cells in the same column, adjacent to said first memory cells are positioned in 
said same trench insxilated firom said second sidewall; said method comprising; 

applying a first voltage to a first buried bit line connecting to the first terminal of the 
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selected memory cell; 

applying a second voltage, more positive than said first voltage, to a second buried bit 
line connecting to the second tenninal of the selected memory cell; 

applying a third positive voltage to the word line connecting the first and second control 
gates of the selected memory cell; said third positive voltage sufficient to turn on the first and 
third portions of the channel of the selected memory cell irrespective of the amount of charges 
stored thereon; and 

applying a fourth positive voltage to the gate line connecting to the transistor gate of the 
selected memory cell; said fourth positive voltage sufficient to turn on the second portion of the 
channel; 

whereby charges fit>m said first terminal are injected onto the second floating gate of the 
. selected memory cell to program said second floating gale. 

52. (withdrawn) The method of claim 51 wherein said fourth positive voltage for controlling 
the amount of charges firom said first terminal are injected onto said second floating gate. 

53. (withdrawn) The method of claim 51 wherein said first voltage is ground 

54. (withdrawn) The method of claim 5 1 fijrttier comprising: 

applying a fifth voltage to the gate lines not coimecting to the transistor gate of the 
selected memory cell; said fifth voltage insufficient to turn on the second portion of said channel 
of tfie unselected memory cells. 

55. (withdrawn) The method of claim 54 wherein said fifth voltage is ground 

56. (withdrawn) The method of claim 54 fiirther comprising: 

applying a sixth voltage to the word lines not connecting to the control gates of the 
selected memory cell; said sixth voltage insufficient to turn on the first and third portions of the 
channel of the unselected memory cells. 

57. (withdrawn) The method of claim 56 wherein said sixth voltage is ground. 
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58. (withdrawn) The method of claim 54 further comprising: 

applying a seventh voltage to the buried bit Unes not connecting to the selected memory 
cell; said seventh voltage is on the order of said first voltage. 

59. (withdrawn) The method of claim 58 wherein said seventh voltage is ground. 

60. (withdrawn) A method of making an isolation-less array of non-volatile memory cells in 
a semiconductor substrate of a first conductively type comprising; 

forming a plurality of spaced apart trenches in said substrate in a first direction, 
each trench having a first sidewall, a second sidewall and a bottom wall; 

foraiing a first terminal of a second conductivity type along the bottom wall of 
each trench in the substrate; 

forming a pair of floating gates along the first and second sidewalls in each 
trench, each floating gate spaced apart firom the first and second sidewalls, respectively; 

fomiing a control gate in each trench; each control gate insulated firom and 
capacitively coupled to the floating gates in the trench and insulated firom the first terminal along 
the bottom wall of die trench; 

patterning said substrate along a second direction substantially perpendicular to 
said first direction and forming a plurality of spaced apart insulation regions in each trench and 
forming a plurality of floating gates in said first direction insulated firom one another; 

fomiing a plurality of spaced apart, substantially parallel, transistor gates, each 
transistor gate extending in said first direction and spaced apart ajid insulated from the substrate, 
and positioned adjacent to a trench in a region between each pair of trenches; and 

fonning an electrical contact to each control gate in the same second direction. 

6 1 . (withdrawn) A method of making an isolation-less array of non-volatile memory cells in 
a semiconductor substrate of a first conductively type, comprising; 

fonning a plurality of spaced apart substantially parallel masked regions on said 
substrate in a first direction, wherein an unmasked region is formed on said substrate between 
each pair of adjacent masked regions; 

forming a pair of spaced apart transistor gates substantially parallel to one another 
extending in said first direction in each uimiasked region, with each transistor gate adjacent to a 
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masked region, spaced apart and insulated from the substrate; 
removing said masked regions; 

foraiing a trench region in said substrate extending in said first direction, between 
each pair of adjacent unmasked regions; each trench having a first sidewall, a second sidewall, 
and a bottom wall; 

foiming a first terminal of a second conductively type in the substrate extending 
in said first direction, along the bottom wall of each trench; 

forming a pair of floating gates along the first and second sidewalk, respectively, 
in each trench, each floating gate spaced apart from its respective sidewall; 

forming a control gate in each trrach; each control gate insulated from and 
capacitively coupled to the floating gates in the trench and insulated from the second terminal 
along the bottom wall of each trench; 

patteiming each trench along a second direction substantially perpendicular to said 
first direction and forming a plurahty of spaced apart insulation regions in each trench; and 

foraiing an electrical contact to each control gate that are positioned in flbie same 
second direction. 

62. (withdrawn) A method of making an isolation-less array of non-volatile memory cells in 
a semiconductor substrate of a first conductively type, comprising; 

forming a plurality of spaced apart substantially parallel masked regions on said 
substrate in a first direction, wherein an unmasked region is formed on said substrate between 
each pair of adjacent masked regions; 

foraiing a plurality of buried bit lines in said substrate, with each buried bit line in 
each unmasked region, substantially parallel to one another extending in said first direction; 

foraiing a plurality of floating gates, with each floating gate insulated from each 
buried bit line in said unmasked region; each floating substantially parallel to one another 
extending in said first direction; 

forming a plurality of control gates, with each control gate insulated fijom each 
floating gate and capacitively coupled thereto in said unmasked region; each control gate 
substantially parallel to one another extending in said first direction; 

removing said masked regions; 

£M\71D1988.1 

351913-993000 23 

PAGE 24/26 ' RCVD AT 8/19/2005 6:30:30 PM [Eastern Daylight 



• it 

08/lSr/2005 15:36 FAX 650 633 2001 



DLAPRGC US LLP 



il025 



Attorney Docket No.: 2102397-993000 

forming a trench region in said substrate extending in said first direction, between 
each pair of adjacent unmasked regions; each trench region having a side wall and a bottom wall; 

forming a gate electrode in each trench; each gate electrode insulated from said 
side wall and said bottom wall of each trench; each gate electrode substantially parallel to one 
another extending in said first direction 

patterning each control gate along a second direction substantially perpendicular 
to said first direction to cut through said control gate and floating gate forming a plurality of 
spaced apart insulation regions in each first direction; and 

fonning an electrical contact to each control gate that are positioned in the same 
second direction. 
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